The plasma membrane of Listeria monocytogenes strain 42 was prepared by osmotic lysis of protoplasts with tris(hydroxymethyl)aminomethane (Tris) 
The bacterial membrane has attracted the attention of many investigators since its isolation by Weibull (38, 39) as a ghost fraction of lysed protoplasts. Specialized subcellular membranous organelles, such as mitochondria, Golgi apparatus, and endoplasmic reticulum, have not been demonstrated in bacterial cells. However, mesosomes (intracytoplasmic membranous structures) of varying morphology have been demonstrated frequently in the gram-positive bacteria (23) , the actinomycetes (5, 36) , and rarely in the gram-negative bacteria (30) . The cell, besides controlling permeability, carries out a wide range of metabolic work. Various investigators have studied the chemical composition (8, 17, 28, 33) , the enzymatic makeup (7, 9, 13) , the molecular anatomy (27) , and the variation in composition resulting from changes in nutrition and growth phase (28, 33) of the membrane. Listeria monocytogenes is a gram-positive bacterium, the cells of which have complex intracytoplasmic extensions of the plasma membrane (6, 10) . The organism produces a lipid material which stimulates monocytosis in certain animals and in man (34) . In gram-positive organisms, most of the lipid is concentrated in the plasma membrane (15) . Thus, it seems possible that this pharmacologically interesting lipid may be localized in the plasma membrane. These considerations prompted us to study the plasma membrane of this organism more closely. We previously reported (10) that some strains of L. monocytogenes, including the one used for the present LISTERIA MONOCYTOGENES MEMBRANE study (strain 42), are lysozyme-resistant and become sensitive to lysozyme only after lipase treatment. This report describes the procedure for isolation of the plasma membrane of L. monocytogenes (strain 42), as well as the chemical composition and structure of this membrane.
MATERIALS AND METHODS
Preparationi and lysis of protoplasts. L. monocytogenes strain 42 was used throughout these experiments. Maintenance of the organism and conditions of cell cultivation were described in a previous communication (10) .
Protoplasts were formed by lipase and lysozyme treatment (10 Fig. 1 .
Analytical. A sample of the washed membrane suspensions was transferred to a cleaned and weighed aluminum dish, then heated at 70 to 80 C for 2 to 3 hr, followed by overnight drying in vacuo over P205. The difference in weight after subtracting the equivalent blank of MgC12 gave the dry weight of the membrane preparation. Ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) were extracted according to the method of Ogur and Rosen (25) , with the exception that the initial precipitation was carried out with 0.2 N perchloric acid (PCA) rather than with ethyl alcohol. The amounts of separated RNA and DNA were estimated by the determination of phosphorus (7), ribose (25) , and deoxyribose (32) . These results were checked by ultraviolet absorption measurements. Protein was estimated in 10% cold trichloroacetic acid precipitate by Lowry's method (20) . Total amino acid was determined in 6 N HCl hydrolysate (for 18 hr) by Rosen's method (27) . Individual amino acids were analyzed in a Beckman Spinco model 120 amino acid analyzer (Beckman Instruments, Inc., Fullerton, Calif.). Carbohydrate was estimated by the anthrone method (31) in the acid hydrolysate of the membrane (2 N HCl for 2 hr at 100 to 105 C), after removing the acid by treating with Dowex 50 ion-exchange resin. The reducing sugar was determined according to the method of Nelson (24) and individual sugars were identified by paper chromatography (14) . The rhamnose content was estimated by the spectrophotometric cysteine-sulfuric acid method (4), whereas glucosamine was determined by the use of a modified Elson and Morgan reaction (26) . Hydrolysis of the membrane for this determination was conducted in a sealed ampoule in 6 N HCl for 2 hr at 100 to 105 C. The HCI was removed by repeated evacuation over P205 and KOH pellets. Nitrogen was assayed by a modified Nessler's reaction (19) . For lipid analysis, a membrane preparation was lyophilized, after which the lipid was extracted from the lyophilized membrane powder by shaking at room temperature with chloroformmethanol (2:1) for 12 to 18 hr. The extract was filtered and evaporated in a flash evaporator. The resulting residue was dissolved in chloroform, and the quantity of residue was determined by weighing a sample of the solvent after evaporation under nitrogen. The lipid was analyzed for nitrogen, phosphorus, carbohydrate, and amino acid. Phospholipid and neutral lipid were determined by Florisil column chromatography, and the phospholipids were further characterized by thinlayer chromatography. (2) .
Electron microscopy. Membrane structure was examined by use of a Phillips EM 100 electron microscope (Phillips Electronics and Pharmaceutical Industries Corp., St. Joseph, Mo.). Membrane preparations in different stages of purification were prefixed in 3% glutaraldehyde and then fixed and embedded according to the method used by Ryter and Kellenberger (16) . Details of the thin sectioning and staining methods were described in an earlier communication (10 cell preparations contained a very large amount of aspartic acid, glutamic acid, alanine, glycine, lysine, and leucine. Ornithine was present only in trace amounts in the whole-cell preparation, but the membrane preparation contained a considerably greater amount of this substance. Hydroxyproline was present in very small amounts, and there was no peak for half cystine. Methionine could not be detected in the membrane preparation, but the whole cell preparation contained about 0.8%--. In the whole cell preparation, there were two peaks in the acidic region, one of which was identified as methionine sulfoxide. There were no such peaks in the membrane preparation. In both whole cell and membrane preparations, there were peaks of phosphoserine and glycerylphosphoryl ethanolamine.
The carbohydrate composition of the membrane is shown in Table 6 . There was very little glucosamine or rhamnose present. Qualitative paper chromatography revealed that, in addition to hexoses, there were two pentoses, ribose and arabinose, in the membrane. The hexoses were identified as mainly glucose and galactose, in approximately equimolar amounts.
The membrane generally constituted 7 to 10%-of the dry weight of the whole cell. The yield of the membrane material prepared in the absence of MgCl2 was reduced to 4 to 5', In the latter preparation, the RNA and lipid content were much smaller than in the preparation made in the presence of MgCl2 (Table 2 ). But the compositions of lipid, protein, and carbohydrate were comparable in both cases.
The membrane preparation made without MgCl2 fragmented into smaller parts which reformed into small vesicles ( Fig. 7 and 8 ). In addition, many particles which could not be separated by centrifugation at 105,000 X g were also released. Both CaCl2 and SrCl2 could partially protect the membrane against fragmentation.
Structure. A negatively stained preparation of a typical protoplast used for the preparation of plasma membrane is shown in Fig. 3 . The preparation shows three flagella still attached to the membrane. Cells of L. monocyttogenes grown at room temperature (28 C) showed the presence of flagella (1 to 3 in number), but the cells grown at 37 C contained no flagella.
An enlarged picture of the plasma membrane is presented in Fig. 4 . The plasma membrane, with some amorphous cytoplasmic material and internal membranous structures still attached can be seen. In such preparations, a specialized region can be noted frequently. The outer component of the three-layered membrane can branch and surround an inner membrane, which then takes the form of a small vesicle. Figure 5 shows a thin section of a membrane preparation after the third wash. A substantial amount of cytoplasmic material is still retained by the membrane material. There are many concentric vesicular structures of various sizes. These may be reformed structures from the fragmented plasma membrane and do not have any special significance. There genes has three layers (outer and inner, electrondense; middle, electron-lucid) similar to other biological membranes. The total thickness of the three layers varied from 85 to 100 A. The thicknesses of individual components were: outer and inner, 25 Lampen (18) reported that the release of membrane-bound penicillinase from B. lichenijormis depended upon the integrity of membrane structure, and this structural stability could be retained by an optimal concentration of MgSO4. The role of Mg++ in relation to RNA content of the membranes has been discussed by Mizushima (22) . Our results also demonstrated that Mg++ must be present to maintain the chemical and physical integrity of the membrane. It is quite possible that the divalent cations act as cross-linking components between protein and various other constituents of membrane.
There was very little DNA in the washed membrane, and it is not known whether this small amount of membrane-associated DNA (about 0.8%W of whole DNA content) had any significance. It is clear, however, that it is quite strongly bound.
Although most of the RNA is free in the cytoplasm, 1.5 to 1.6% of the total is very strongly bound to the membrane. This binding, however, is markedly dependent on the presence of Mg, and in its absence the binding drops to 20 to 30% of this figure.
The membrane of L. monocytogenes, prepared by the method described, did not contain cell wall material since the typical cell wall components like hexosamine or rhamnose were absent. Ab 
